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SEL—— SECRET .
H“: ARCAFTOMISION | 4 GHES TOOL COMPANY o
CONTROL HNO. Hireraft Division | et

CULVER CITY
CALIFORNIA

23 May 1958
25X1
In reply refer to:
Ref: 58T-0458/1111
25X1
To: Bureau of Aeronautics
Department of the Navy
Washington 25, D. C.
25X1 Attention:
AC-511
~— Subject: Rocket Propulsion System for
Project "Hazel".

1. The Hughes Tool Company - Aircraft Division submits herein a proposal
for a cost-plus-fixed-fee contract covering a Rocket Propulsion System for Project-
“"Hazel".

2. This proposal consists of the following:

Exhibit "A" - Technical Discussion

Exhibit "B" - Scope of Work

Exhibit "C" - Delivery Schedule

Attachment "A" - Estimated Price Breakdown
PR 3. This Contractor, a Division of the Hughes Tool Company incorporated
'~ under the laws of Delaware, employs approximately 1,100 people.

L, The bidder represents that is has not employed or retained a Company
or person (other than a full time employee) to solicit or secure this contract and
it agrees to furnish information relating thereto as requested by the Contracting
Officer.

5 The figures and data contained herein may be considered firm for a
period of sixty (60) days from the date of this letter as the basis for negotiation
of a cost-plus-fixed-fee contract between the Government and the Contractor for the
work covered by this proposal.

25X1
6. If further information is desired, please contact
25X1 Los Angeles, California.
' HUGHES TOOL CQMPANY
AIRCRAFT DIVISION
25X1

RHS; :FCM :kad Vice President and

f;EN:I{[?r General Manager
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| ' SECRET

TO EXHIBIT "A"

_ ’ _ Ref: 58T-0458/1111
BUREAU OF AERONAUTICS 23 May 1958
: ' ' Page 1 of 5

TECHNICAL DISCUSSION

The scientific and engineering Sackground underlying the ultimate objectives
of the program for which this proposal is submitted as & feasibility investigation
effort is divided into two problem areas:
(1) The design and development of a straightforward, safe, and reliable liquid
— bipropellant propulsion systém having the unique characteristics of min-
imum exhaust gas IR radiation.
(2) The probable ultimate capabilities of ground-located IR detection systems
able to lock-on rocket engine exhaust gas jets trailing behind high altitude

aircraft.

R The state-of-the-art in the field of bipropellant liquld rocket engines is

at the level where straightforward engineering approaches will yield a relisble

and ope;ational rockét‘system only with the use of nnn-cryogenicvpufe chemicals in.

the pfopellant system. This statement, as set forth, is related to thg roéket »
7 ¢  hardware only. - The problems associated with tankage for hypergolic pr@pellants is
the only risk area from the standpoint.of eventual development of safé and reliable
airframe design and operation. This is primarily a specification problem involving
myriad engineering details and is not associated with any basic physical phenomena
other than the fact that hypei‘golic liquids are intensively reactive chemically and
hence straightforward and rigorous means must be followed in the development of the

tanks required to contain the propellants.

- In the rocket engine field there have been many intuitive arguments advanced

concerning the specific properties of certain propellant systems and how these pro-
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Ref: 56T-0458/1111
BUREAU OF AERONAUTICS ' 23 May 1958
_ Page 2 of 5

TECHNICAL DISCUSSION
(Continued) .

perties enhance the safety and reliability characteristics of the ultimate rocket
propulsion system. One among these characteristics purportiﬁg to enhance safety
and reliabilify standardfx has been the proposed use of propellant systems having
narrow O/F ignition 1limits. It seems to be coming increasingly clear that this
concept 1é not on a firm sciehtific footing as once proposed and tha.t(the safety
standards (which melans explosion hazard) of the propellant system are more firmly
enchanced by the use of chemicals which~are intensely hypergolic, the more so thée
better. The property of hyﬁergolicity insures acceptable combustion stability stand-
ards with relatively unsophisticated injector designs, meaning quality of propellant
sprﬁy structure. - In addition, the accumulation of fuel or oxidizer in the propell-
ant .chamber constitutes less of a hazard, which fact has been demonstrated by many
reéearch and development projects in the field of‘ﬂ chamber design where ever these

projects have used chemicals which are extremely hypergolic.

The uée of h&pergolic propeliants admittedly constitutes a problem from the
standpoint of tankage and proﬁella.nt ‘handling equipment in confined volumes such as
in an airframe fuselage. Thils, however, is an engineering problem which can be hand-
" led in an engineering manner in comparison with instability problems in chambers us-
ing unsaturated hydrocarbon fuels or freezing problems in propellant handlix;g eqﬁip-

ment using cryogenic oxidizers.

Consequently, it seems apparent tha.t second~-generation liquid rocket engine

systems secem headed for theuse of hypergolic, storable, non-cryogenic liquid
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BUREAU OF AERONAUTICS 23 May 1958
. Page 3 of 5

TECHNICAL DISCUSSION
(Continued)

propellants. It seems further apparent that such systems should be used in the
first sttempts, at this stage of state-of-the-art, in rocket powered, manned air-

craft be this aircraft an air-cruising vehicle or space vehicle.

There has been a sad neglect of storable liquid propellant systems, which error
on the part of the Military Services is now being realized. For some time, there
has been availsble the propellant system which all experienced workers in the field
recognize as the most eﬁecti% system for biprope.u.ant liquid rocket applications.
This syatem is generalized as a large class of organic and inorganic amine fuels with
nitric a.cj.d. ‘I'he system which shows today the greatest degree of development potential
or operationé.l status is nitric acid with either hydrazine or unsymmetrical d.ﬁnethyl
hydrezine. It is apparent mow that the achlevement of the highest degree of safety
and re]iability of 11Quid rocket systems will be operationally achieved with the
acid-based, hypergolic systems using‘ either of the above two fuels or, alternatively,

mixed emine (MAF) propellants.

The second important problem area is associated with the emission of radiant
enérgy by the exhaust ge:s Jet in the IR spectrum; Operationall systems have in the )
past used carbon bearing fuels which, when used with elther acld or 10X, give rise
to long tail~plumes containing incandescent carbon particles. The eihaust gaées in
such rockets, in addition to containing the carbon particles, contain carbon dioxide,
water vapor, and various free radicals such as OH. The emissivity of the incandescent

carbon particles, being close to that of black body radiation, is 10,000 times greater
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TECHNICAL DISCUSSION
(Continued) .

in kilowatts per square centimeter at 6000° Kelvin than the emissivity of the gaseous
products of combustion. The inference in such a comparative' figure, and tke funda-
mental concept that should be followed, is that there should be no carbon atoms uséd
in the propellant systems in order to minimize IR radiant energy. It is proposed
that such a step be followed by the use of pure hydrazine, N2Hl|»’ and that this be
qualitatively demonstrated by the use of UIMH, (CH3)2NNH2' In addition to the use
of such a fuel, it is postulated that if a rocket chamber haé a large L¥ and an over
expanded nozzle for space application, that these two steps will, respectively, esta-
b;Lish completion of combustion before the gases enter the exhaust nozzle and reductlon
of the exha;.tst gas static temperature to values where recombination of dis-associlated
products of combustibn'will have been totally effected before the exhaust gas exilts
from the ﬁpzzle discharge. ‘In this last case , the rediation which 1s known to occur

from dissociated gases will be minimized and perhaps eliminated.

This discussion has been qualitative insofar as concerns those‘ measures which
may be taken from the engine standpoint inv‘ order to minimize IR emission. However,
it should be realized that over-emphasis in proposed solutions pertaining to the
emission problems may well occur if due attention is not given to the state-of-the-
art of IR @etection from ground stations particuwlarly in the forward hémisphere. It
is well known that current projects are in hand designed to achleve very sensitivé
IR detectors in space. That is, the detectors must be in space as well as the IR

source. Under such circumstances workers in the field hope to achieve lock-on
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BUREAU OF AERONAUTICS 23 May 1958
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TECHNICAL DISCUSSION
(Continued) .

distances between 100 and 1000 miles. However, for ground-located IR detectors, the
IR radia'!;'ion from high temperature (‘.'02 and Hao molecules in space a.re attenuated by
the earth's atmoéphere such that it seems next to impossible to locate a high altitude
IR source of the order of magnitude and general physical size that this project is
associated with. Hence, the statement that it is possible that too much attention
can be paild to the engine side of IR radiation and not sufficient attegtion to the
detector side. The ultimate solution to this problem is one which is partially de--

fined by missions and roles.
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7O EXHIBIT "B"
Ref: 58T-0458/1111

BUREAU OF AERONAUTICS 23 May 1958

. . Page 1 of &

SCOPE OF WORK -

For a period of six (6) months the Contractor shall provide services for the
execution of a systems feasibility study directed towards thé ultimate development
of a throttleeble liquid bipropellant rocket engine capsble of generating propul-
sive thrust under steady state operating conditions. Certain unique capabilities
of the ultimate hardware system are required by the end-point application. It will
be the purpose of this contract to explore the feasibility of realizing thesé ulti-

mate system capabllities.

The feasibility study will consist of the following specific items of work:

'i'he Contractor shall conduct a preliminary design study of a liquid rocket
propulsion system using hypergolic propellants, the system having a throttleable
thrust renge of approximately Y4:1. The maximum thrust shall be approximately 5,000
1bs. The design study, done in concert with the weapons systems manufacturer de-
signated by the Bureau of Aeronautics, will include examination of all pertinent
subsystems for the reliable and safe operation of a primary hypergolic bipropellant
propulsive system. ‘I‘hié study shall include examination of propellant performance,
component and subsystem weights, propellant utilization as determined by tankage

requirements, propellant handling turbo-machinery, control requirements, etc. The

_objective of this preliminary design study will be to determine the logical course

of design for the ultimate development of the prototype system and shall include

items of projected cost and time requirements.
SECRET
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BUREAU OF AERONAUTICS 23 May 1958
_ . . Page 2 of &
SCOPE OF WORK

(Continued).

Item II
‘l’he ultimate prototype system to be‘ delineated in the ﬁfeliminary design study
to .'be accomplished under Item I above must pbssess characteristies not yet incor-
porated in existing operafional liquid rocket engine sytems although these desired
characteristics are within state-of-the-art possibilities. In order to 1ncreas;e
the validity of the work to be accomplished under Item I, the Contractor shall per-
form an experimental program using a duplicate of é water-cooled chamber that the
Contractor has on hand having been previously developed for other experimental in-
vestigations. This dupli'cate chamber is the Hughes R19 rocket engine capable of a
maximm thrust of 600 to 1000 pounds. The exberimental program shall consist of the
follpwing main investigation areas:
A. The Contractor shall investigate the feasibility of ultimately achieving
é. rg-:generatively cooled chamber capable of at least 30 minutes operation -
without lmrnout. Preliminary demonstration of this ultimate capabllity
shé.]_l be accomplished by operation of the Contractor's R19 water-cooled
rocket engine at the 600 pound thrust level for run durations of approxi-
imately five (5) minutes each thus assuring achievement of temperature
equilibrimn. These endurance demonstration runs shall not be conducted
separately but rather shall be included with other measurements such as
performa.nce (I ) , IR emission, and stop-start cycling which are specific
items in this s:ope of work as detailed below. The total a_ccumulated oper-

ating time shall be a minimum of 50 minutes.
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SCOPE OF WORK
{Continued)
B. The Contractor shall perform thrust and propellant flow measurements in

D.

the R19 chamber in order to evaluate sea-level Ispfor two fuels used with
RFNA (commercial grades) as the oxidizer. The two fuels shall be hydra-
zine and unsymmetrical dimethyl hydrazine (UDMH). |

The Contractor sikall incorporate provisions within the chamber test sy-

étem in order to demonstrate start-stop-restart chamber operation. These

provisions shall include only conventional valve systems and shall not in-

clude any provisions or simulated provisions for propellant feed which could
per:tain to the ultimate prototype system. The number of start-stop-restart

cycles shall be incorporated with the other specific items of this Scope of

" Work (approximate mumber, 10).

The Contractor shall investigate the important problem area of Jjet exhaust
lateral IR emission with the objective of establishing the feasibility of
designiné an ultimate prototype rocket chamber substantially free of radiant
energy, in lateral directions, in the IR band as detectable by ground-located
IR detectors. The investigation of this problem area will be conducted by
two (2) steps:
(1) The R19 chamber will be run with hydrazine (a carbon free molecule)

' and red fuming nitric acid (RFNA). The chamber, which shall be equip-

ped with a Sea-level nozzJ.e; will have added to it a cylindrical shield

of the same length as the applicable space nozzle surrounding the
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BUREAU OF AERONAUTICS 23 M&{ 1958

.. Page 4 of 4

SCOPE OF WORK
(Continued).

existing exhaust gas jet. -Measurements of IR emission normal to the
Jet will then be made downsteam of the shieid.-.The results of these
measurements will be extrapolated to space copditions perta;ning to
use of the space nozzle. o

(2) The test outlined above will be repeated using unsymmetrical dimethyl
hydrazine (UDMH) in order to establish a basis of comparison of

similar fuels with and without carbon atoms.

Item ITI

bThe Contractor shall submit in triplicate ménthly letter progress reports
outlining the results of the investigétion for the previous month and the proposed
future steps for the succeeding month. This monthly report will be submitted to

the Bureau of Aeronautics, Code AG-511, Attention: A.D. Struble.

-Item IV
' ‘The Contractor shall submit in triplicate a final report covering the

work of Items I and II above. Delivery shall be maede in accordance with Item III.
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Ref: 58T-0458/1111
BUREAU OF AERONAUTICS 23 1958
Page 1 of 1

DELIVERY SCHEDULE

Item I To be completed three (3) months after receipt

of contractual authorization.

Item II To be completed six (6) months after receipt of

contractual authorization.

Item III To be submitted monthly commencing thirty (30)

days after receipt of contract.

Ttem IV To be delivered thirty (30) days after completion

of Items I and II.
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‘HUGHES TOOL COMPANY
Hirera ft Division

TO ' EXHIBIT "D"

Ref: 58T-0458/1111
BUREAU OF AERONAUTUCS 23 May 1958
Page 1 of 1

TERMS AND CONDITIONS

l. Any resulting contract must include terms substantially in accordance
with the following contract clauses set forth in the Armed Services Procurement

Regulation, as in effect on the date of this letter:

Paragraph
7-203.4 - "Allowable Cost, Fixed Fee and Payment" /
T7-203.11 - '"Excusable Delays"

9-102.2 - "Authorization and Consent" |

2. Inasmuch as the rates for overhead and general and administrative ex-
pénses are subject to re-establishment periodically by agreement between the Air
Force and the Contractor, it will be necessary that any contract resulting from
this proposal contain a clause regarding negotiated overhead rates in accordance

with Paragraph 3-T04.1 of the Armed Services Procurement Regulations.

3. The following patent and royalty clauses set forth in the Armed Services
Procurement Regulation, as in effect on the date of this letter, may be included

in any resulting contract:

Paragraph

9-104 - "Notice and Assistance Regarding Patent Infringement"
9-106 - "Filing of Patent Applications" ‘

9-107.1 - "Patent Rights"

9-110 - "Reporting of Royalties"

9-203.1 - "Rights in Data - Unlimited" -
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COST BREAKDOWN
Item I
Engineering Analysis 500 hrs @ $5.07 $ 2,535.00
Publications 50 hrs @ $3.58 179.00
$ 2,714.00
Overhead @ 139% | | 3,772.46
" - $ 6,486.46
Travel : 500.00
$ 6,986.46
G&A@9.9% 691.66
- ' $ 7,678.12
Fixed Fee @ 64 | 160.69
Total $ 8,138.81
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COST BREAKDOWN

(Continued)
Ttems II, III, IV

Engineering 270 hrs. @ $5.07 $ 1,368.90
Test 1800 hrs. @ $3.78 6,801,00
" Shop 1400 hrs. @ $3.09 4,326.00
Publications 200 hrs. @ $3.58 716.00
$ 13,214.90
Overhead @ 139% , ' 18,368.71
) $ 31,583.61
‘Material -4,000.00
Acids and Fuels ' . 8,745.00
| $ 44,328.61
GC&A @9.9% ' 4,388.53
$ 48,717.1k4
Fixed Fee @ 6% 2,923.03
$ 51,640.17
©f 13 #)
£ 17897
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